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NeuromotorbehaviOUraI
assessment of preterm
infants at risk for
impaired development
This study was undertaken to evaluate the
effectiveness of anewneuromotorbehavioural
assessment in identifyingpreterm infants whose
development was potentially at risk as aresult
of their early birth and immediate postnatal
experiences. AU infants barn at less than 30
weeks gestation or who weighed less than
1000g at birth and cared for in the Mater
Hospital's <Neonatal Intensive Care Unit in
Brisbane avera two year period were included
in the study. Infants were assessed intheirthird
week of life and again at 36 weeks gestational
equivalent age, orpriortodischarge, whichever
occurred sooner. Resultslndicate that the
assessmentiseffective in differentiating those
infants who suffered from adverse neonatal
events from those who did not, when assessed
between 30and 36weeks gestational equivalent
age. The ·assessment did nat prove useful for
iofants of less than30.0rgreater than36 weeks
gestational equivalent age.
[Carmichael KM, Burns YR,Gray PH and
O'CaHaghanMJ: Neuromotor behavioural
assessment of preterm infants at risk for
impaired development. Australian Journal of
Physiotherapy 43: 101-107]
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I n rec.en.t.years, .W1..th .improv.emen.tsin technology and perinatal care,many more infants ofvery low
birth weight (VLBW)and of extremely
young gestational age are not only
surviving but also demonstrating
improved developmental outcome
(Frenchet al 1995,.Sell 1986,
Victorian Infant Collaborative Study
Group 1991).
To date, the majority ofstudies of
preterm infant development have
compared development at various ages
with children born full term or
investigated outcome following specific
perinatal problems. Some studies have
performed neurological examinations
at the gestational equivalent age (GEA)
of term and compared preterm or
VLBW infant performance with that
of full term infants (Howard et al 1976;
Palmer et al 1982). With the
introduction of routine cranial
ultrasound.for infants in neonatal
intensive care nurseries, ultrasound
scan results, together with neurological
examinations, have been used to
predict developmental outcome (Burns
et al 1987, Stewart et aI1988).
However, to date, few studies have
found a method of predicting
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developmental outcome by performing
assessments on preterm infants during
the early postnatal period. Despite the
observation by Howard et al (1976)
that there was a Jack of clinical
examination regimes designed
specifically for preterm infants, ·nearly
two decades later, none have been
found that are entirely suitable for this
fragile population.
An assessment that reliably evaluates
the neurological status ofaneonate in
the immediate postnatal period would
be useful for the purpose of optimising
clinical care with the aim of promoting
normal development, and minimising
the effects of adverse events. According
to Levene (1987), ideally a neonatal
assessment would permit ·precise
diagnosis of underlying neurological
abnormality, allow monitoring of
clinical progress, and give prognostic
information, thus enabling appropriate
intervention to take place which may
improve long term prognosis. To date,
such an assessment has eluded
clinicians working in the field. The
majority of available assessments are
either poorly documented and
consequently not reliable (Amiel-Tison
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1968,Saint-Anne Dargassies 1966);
designed for term infants with
supplementary items for preterm
infants (Brazelton's Neonatal
Behavioural Assessment Scale 1984,
Prechtl 1977); so comprehensive that
the examination involves too much
handling for fragile infants (Dubowitz
and Dubowitz 1981); or too time
consuming (Als et al 1982).
Als (1986) proposes in her synactive
model of neonatal behavioural
organisation that the infant must attain
autonomic stability in terms of
respiratory control, temperature
regulation and digestive visceral
functioning before being capable of
high levels ofneurointegrative
functioning. These autonomic
functions are a baseline for all other
areas of functioning. Once autonomic
stability is achieved, the infant is able
to concentrate energy into
development of the motor system. The
motor system·includes the
development and maturation ofmuscle
tone, ·movement and reflexes, and
visual and auditory control, most of
which are dependent on the neural
system. Following the maturation and
attainment ofa measure of control in
both these areas, the·infant is then able
to explore and establish stability of
behavioural states. State organisation
provides a baseline on which the infant
can further develop the most mature
sub.,.system of functioning for an infant
-his or her interactive ability.
An effective infant assessment needs
to reflect this interdependence of sub...
system functioning as described by Als
(1986).
In 1988, Burns and O'Callaghan
developed an assessment program
(Figure 1) to assess preterm infants in
the early postnatal period, involving
minimal handling of the infant and
which could be completed in 10 to 15
minutes. The present study was
undertaken to assess the effectiveness
of this assessment in identifying those
infants whose developmentwas
potentially at risk as a result of their
immediate postnatal experiences.
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Methods
Subiects
All infants born at or transferred to the
Mater Mothers' Hospital, Brisbane,
betweenJune 1988 and June 1990 who
were at the gestational age of 30 weeks
or less, or who weighed less than
1000g at birth were eligible to be
included in the study. Gestational age
was determined by menstrual data.and
ultrasound,examination, together with
clinical assessment by the
neonatologists. During the study
period, infants were managed
according to standard neonatal
practices. All infants with respiratory
distress were treated with appropriate
ventilatory support. Artificial
surfactant was not available for use
during the period ofthe study. Infants
diagnosed as having
bronchopulmonary dysplasia (BPD)
required supplementaloxygen·for> 28
days and had an abnormal·chest x-ray.
Periventricular haemorrhage (PVH)
and ventricular dilatation were
documented on the results ofcranial
ultrasonography which was performed
as previously described (Tudehope.et
alI989). Consent to· assess each infant
was gained from one or both parents.
Where possible, two assessments
were performed on each infant. One
hundred and thirty nine infants were
assessed between 14 and 21 days after
birth (Assessment 1) and 115 infants
were assessed at 36 weeksGEA or
prior to discharge (Assessment 2),
whichever occurred sooner. In this
paper, GEA refers. to the gestational
age of the child at birth plus postnatal
age. Infants with known congenital
abnormalities and those who died
before the second· assessment were
excluded from the study. Twenty--four
infants were discharged prior to the
second assessment at 36 weeks and two
infants were too sick for assessment at
14 to 21 days and were assessed ·at 36
weeks .only,accounting for the
differing numbers for Assessments 1
and 2.
The infants were grouped after
assessment according to their GEA at
the time of assessment: that is, < 30
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weeks, 30-31.9 weeks, 32-36 weeks and
> 36 weeks GEA. In addition, infants
were also arbitrarily classified as having
minor or no neonatal problems
(Neonatal Group 1) or moderate to
severe problems (Neonatal Group 2).
Perinatal data of the infants included in
the study is presented in Table 1.
Control of variables
In order to minimise possible bias in
scoring the assessment, the tester was
unaware of the neonatal history of any
of the infants assessed. Each infant was
scored on a separate assessment sheet
at the time of testing.
Behavioural states used in this study
were the same as those used by Wolff
(1959) and Brazelton (1973). Many
assessment items are state specific, and
consequently were not scored if the
appropriate state was unavailable.
Behavioural states are influenced by
such variables ashunger,degreeof
hydration, nutrition and the time
within the sleep...;wake cycle of the
infant. Therefore, whenever possible,
the assessment was administered two--
thirds of the way between one feed and
the next to ensure the infant was not in
too deep a sleep or too hungry. Infants
receiving continuous orogastric feeds
were not assessed at any particular time
in relation to feeds. Those items
requiring a quiet state of arousal were
performed whenever possible before
items causing disturbance to the infant.
This facilitated optimal responses from
each infant for the majority oftest
items.
The assessment
The assessment (Burns and
O'Callaghan 1988) is subdivided into
four sections: neurological items,
behavioural items, autonomic items,
and motor functions with scoring on a
point system from 0 to 4 (Figure 1).
Zero and 1 record the worst possible
responses while 2, 3 and 4 record
better to best responses respectively.
For ease of interpretation, total
scores for each parameter were
categorised into one of three groups:
abnormal, suspect or normal (Table 2).
These anticipated developmental
categories were derived from the
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A. Equal response to
10 stimuli
B.lnfant comes to
fully alert state
C. Startles + major
responses throughout
A. Blink response to
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B. Tonic blink
response
C. Variable response
A. Shutdown of
movement but blink
persists 6-1 0stimuli
8. Complete shutdown
6-10 stimuli
A. Shutdown of
movement but blink
persists 2-5 stimuli
B. Complete shutdown
2-5 stimuli
asymmetrical delayed when when
disturbed disturbed
R
inconsistent exaggerated rarely when rarely when
C1fisting ll) disturbed disturbed
R
present immediate never when never when
disturbed disturbed
R
STATE
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30-60°, finds moderate uration, 3&51 brief period of state 6 soothed or covered and requires brief
stimulus if loses itl may use stimulation and one excursion into an rest periods but able
brief vertical follow to come to alert unavailable state resembling to complete
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300 verfica Iy frequent and {5 seal state 4, although (e.g. mild cyanosis of robustness as
reliable, stimulation most 0 the time this state is mouth or extremities examination
brings infant to either low-keyed or hyper when uncovered or progresses
alert state and alert. States 5and 6are reddening when
quiets infant well-defined although crying cries) but rapid
may be brief recovery
focuses on stimulus always alert in best infant has state 4available healthy colour robust with good
&follows with periods, stimulation and actively kee~s him or persists throughout energy resources l
smooth continuous always elicits herself there wit minimal examination no evidence of
head movement alerting and excursions to states 5 and 6, overloading or
horizontallYI orientating, uses well-organised sleep states, exhaustionl
YerfiCall~ and in a stimulation to quiet infant has state 6available maypole
cirde, fa lows for at self or maintain
least a 1200 arc quiet state
figure 1..
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assessment by considering the scores
allocated to each functional area.
Generally scores of 0 or 1 were
considered to be abnormal; scores of 2,
suspect; and scores of 3 or 4 normal.
The exception was with stability of
vital signs, where a score of awas
considered abnormal, 1 suspect and 2
normal.
Results
In order to establish how robust the
test was for each GEA group, a
Pearson's correlation analysis was
performed between individual sections
of the assessment and test scores. All
correlation coefficients between the
sections of the assessment were
statistically significant, ranging from
p < 0.05 to P< 0.001, thus verifying its
validity (Table 3).
The mean scores of all parameters
show that infants achieve better scores
with increasing GEA (Figure 2).
However, those infants, who had a
problem free neonatal course
(Neonatal Group 1) consistently
scored better than those infants who
experienced ANE (Neonatal Group 2)
in all parameters until 36 weeks GEA
and on motor scores after 36 weeks
GEA.
A multiway analysis of variance
(Multiway ANOVA) was performed to
evaluate the effectiveness of the
assessment in differentiating those
infants who suffered from ANE from
those who did not. These differences
reached statistical significance in the
total assessment score as well as in
behavioural and autonomic aspects at
each assessment at 30-36 weeks, in the
motor tests at ages greater than 30
weeks and in neurological tests at 30 to
31.9 weeks.
A post-hoc student's t test was used to
evaluate each age group at Assessment
1 and Assessment 2 to enable
comparisons between age groups for
all test items including total score.
Infants less than 30 weeks GEA scored
significantly less than infants assessed
after 30 weeks GEA in all parameters
except the motor score.. There was no
significant difference between any
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parameters after 36 weeks. The post-
hoc t test also differentiated between
those infants who were affected by
ANE and those who were not..
In order to evaluate the effectiveness
of the assessment in anticipating
developmental outcome, infants were
classified according to whether or not
they had experienced ANE and then
placed in either abnormal, suspect or
normal categories according to their
total scores (Table 4).
Overall test scores reveal that the
majority of infants older than 30 weeks
GEA when assessed, who have a
problem free neonatal history, are
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considered to score within the normal
range. However, almost all the infants
who were assessed at < 32 weeks GEA
and who experienced ANE were found
to have suspect or abnormal scores.
Only one of the 32 infants at less than
30 weeks GEA had a problem free
neonatal course and this infant's
development was categorised as
suspect. Thirty-nine of the 68 infants
(57 per cent) experiencing ANE who
were assessed between 32 and 36 weeks
GEA had normal total scores with the
remainder scoring in the suspect (3 5
per cent) or abnormal range (7 per
cent).
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figure 2.
Mean scores for neonatal groups 1 III and 2 D
Discussion
Within test relationships
The neuromotor behavioural
assessment used in this study would
appear to be effective in demonstrating
the interdependence of sub-system
functioning that Als (1986) has
described. This is shown by the
consistent correlations present within
the test itself at all age groups and for
all test parameters. This finding is
important in helping to establish the
assessment as reliable in its ability to
distinguish those infants who are
experiencing adverse neonatal effects
from those who are having a trouble
free course.
Developmental progression
Statistical analysis of the data revealed
a sequential but not constant increase
in means of all parameters tested,
including overall test score, with
increasing gestational age. These
observations are in agreement with
Masel (1990) who documented the
sequential development of 20
prematurely born infants from 28
weeks GEA and found that all babies
showed a progression of development
over time, although lower scores were
noted in the infants experiencing
adverse perinatal events such as BPD
or PVH. In the current study, it was
also found that the presence ofANE
caused the overall mean scores to be
substantially less than scores of infants
whose neonatal course was problem
free in the majority of age groups and
parameters tested up to 36 weeks GEA.
Mer 36 weeks GEA, only motor
scores remained significantly less in
these at-risk groups. It is important to
observe that despite the presence of
ANE, infants continued to
demonstrate a progression of
development over time as illustrated in
Figure 2. Many authors agree with a
continuum of development over time
of premature infants (Allen and Capute
1986, Als 1986, Masel 1990, Morgan et
a11988) although disagreement exists
as to the relative development of
various aspects (Amiel-Tison et al
1986, Carter and Campbell 1975,
Ferrari et a11983, Forslund and Bjerre
1983, Lacey et a11985, Palmer et al
1982, Prechtl et aI1979). Masel (1990)
found that infants suffering from BPD
and/or PVH scored significantly less
well in autonomic and behavioural
function between 30 and 34 weeks
GEA, compared with infants who did
not experience these problems. Similar
conclusions were drawn in this current
study for infants aged between 30 and
36 weeks GEA, for behavioural,
autonomic and motor function.
Effect of adverse neonatal
events
The assessment under investigation
would appear to be most useful in
differentiating those infants
experiencing adverse events from those
who do not in infants aged between 30
and 36 weeks GEA. All parameters are
significantly affected in the infants
experiencing ANE when compared
with infants of this age group who do
not experience ANE. All test
parameters except neurological were
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GEA. The assessment does not appear
useful for infants of less than 30 weeks
GEA or for infants older than 36 weeks
GEA. Infants who are less than 30
weeks GEA are still attempting to
establish autonomic stability and any
unnecessary handling should be
avoided in order to not compromise
the infant's fragile status. Thus it may
be inappropriate to use the assessment
with infants who are less than 30 weeks
GEA. Used in conjunction with
nursery procedures such as regular
nursing observations, medical
examination and ultrasound, this
assessment should prove valuable for
the assessment of an infant's
developmental progress once they
reach 30 weeks GEA. The assessment
has the benefits of being quick to
perform, reasonably easy to teach to
physiotherapists, and not disruptive to
the infant, all factors of importance
Conclusion
This study demonstrates the
effectiveness of the neuromotor
behavioural assessment in
differentiating those infants who
experience adverse neonatal events
from those who do not, in infants
assessed between 30 and 36 weeks
GEA or older. There are other
assessments available for this age group
(Brazelton 1984, Dubowitz and
Dubowitz 1981). It is possible,
however, that no significant differences
between the groups were seen at the
assessments at> 36 weeks GEA
because most of the infants in Group 2
had recovered from their neonatal
problems and it is likely that only a
small proportion of the group would
develop long term neurological
morbidity.
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significantly different between the two
groups, including total scores.
Furthermore, when the infants are
classified according to their anticipated
developmental progress (Table 4),
most infants assessed at 36 weeks GEA
or less who experience ANE are
considered to have suspect or
abnormal scores. In contrast, most
infants older than 30 weeks GEA who
had a problem free neonatal history are
considered to score within the normal
range of anticipated developmental
outcome. Follow-up of these high risk
infants will establish the effectiveness
of the test in anticipating those infants
who are at risk for long term
developmental impairment.
There was only one infant assessed at
less than 30 weeks GEA who had a
problem free neonatal history. This
child's scores were in the suspect range
for all parameters. It is not possible to
make a statement regarding the
usefulness of the assessment in this age
group in predicting those infants who
will later have a normal developmental
outcome. However, statistical analysis
revealed that infants less than 30 weeks
GEA consistently score less than
infants assessed after 30 weeks GEA in
all parameters except motor score.
Given that all but one of the infants
assessed at less than 30 weeks GEA
were under the influence of at least one
ANE, it is possible that the assessment
is predictive for infants experiencing
ANE in this age group « 30 weeks
GEA). Further study with a larger
sample of infants who are problem free
in this age group would be needed
before definitive conclusions can be
drawn. If the assessment does not
prove useful in anticipating long term
care needs, then its use may not be
justified for infants born at 24 to 27
weeks GEA, who are often too sick for
any unnecessary handling.
Infants assessed after 36 weeks GEA
are considered to be of term equivalent
age. However, in the present study, the
assessment performed at that GEA, did
not differentiate those infants who
experienced ANE from those who did
not. This suggests that the test is not
appropriate for infants of 36 weeks
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when assessing these fragile infants.
The predictive value of this
neuromotor behavioural assessment for
long term outcome will not be
appreciated until long term follow"-up
studies have been completed.
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